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ENVI ROITblENTAL PROTECrr OW AGENCY . .  

BEFORE THE ADKINISTRATOR 

I n  Re: 

Proposed Toxic .Pol lutant  

. .  
I 

Eff luent  Standards f o r  

A l d r i d D i e l d r i n  e t .  a l .  

' AFFIDAVIT OF SEBXSTIAR C. CARUSO, Ph.D. * 
FOR OBJECTOR, MlElUCAN IRON AND STEEL INSTITUTE 

On behalf of Objector, American I ron  and S t e e l  I n s t i t u t e ,  Sebast ian 

C. Caruso, being duly sworn, deposes and says: . 
(?.) Z am a S e n i o r  F e l 1 n v  and Head o f  the Water R e ~ n i i r c e s  Fel low-  

sh ip  ir, t he  Division of Sponsored Research of Carnegie-3iellon Universi ty .  

That i n  k c h  pos i i ion ,  I am responsible f o r  d i r e c t i n g  resea'rch on t h e  de- 

velopment and t e s t i n g  of ana ly t i ca l  procedures f o r  i d e n t i f y i n g  p o l l u t a n t s  

i n  t h e  environment, carrying o u t  research on t h e  chemistry and engineering 

aspec ts  of processes s u i t a b l e  f o r  t h e  ' treatment of s teel  indus t ry  w a s t e -  

waters, and t h e  review of enviroilmental s tandards .as  they apply t o  s t ee l  

indus t ry  wastewaters. T h a t . 1  am completely f ami l i a r  with t h e  methods i n  

general u se  f o r  t h e  de tec t ion  and measurement of cyanides, csdmium, mercury 

and many o ther  cons t i tuents .  

(2) I a m  c u r r e n t l y  a member of t he  American I r o n  and S t e e l  

I n s t i t u t e ' s  Environmental Q u a l i t y  Conunittee, Toxic Substances Task Force,  

and have reviewed i n f o h a t i o n ,  supplied by the  Environmental P ro tec t ion  

Agendy t o  th6  American I ron  and S t e e l  1 n s t i t u t e . i . n  preparing a study of 

tlic avni l .abiki ty  and a p p l i c a b i l i t y  of ana ly t i ca l  metlmds rcquircd t o  test 

- .  
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2. 

for compliance with the proposed toxic  pollutant e f f l u e n t  standard f o r  

mercury.. . .  . 
(3) Attached i s  my statement e n t i t l e d ,  "Proposed Toxic Pollu-  

tant Effluent Standards - Methods of Analysis f o r  Mercury." 

FURTHER AFFIANT SAITH NOT. 

Sworn to and subscribed before m e  

&! 
t h i s  day of March, 1974. . 

4 

. 



0- 0 -  - .  

PROPOSED TOXIC POLLUTANT EFFLUENT STANDARDS - 
" H 0 I ) S  OF ANALYSIS FOR EERCURY 

The ana ly t i ca l  methods recommended i n  the "Proposed Toxic F o l l u -  

t a n t  Eff luent  Standards" for'mercury t o  test  f o r  compliance with the  pro- 

posed standard are iden t i f i ed  i n  the  Federal Register o f  October 16, 1973, 
-_ 

Volume 38,. Number 199. 

D 3223-73,. P a r t  '23' of Annual Book of  ASTN.Standards, 1973) i s  based on a 

The recommended method i n  the  AS"$€ Nanual (Piethod 

flameless atomic absorption procedure. The prec is ion  o f  t h i s  method over 

the ;.nnge of 0.2 t o  10 pg/l i s  expressed as: 
/ 

= 0.17b X + 0.170 ( i n  na tu ra l  waters) ST. 
where: 

and, X = the  de t&nined  concentration of mercury i n  p g / l .  

Thus, frjr :i = 10 pg/l, ST'= 1.91 Pg/1 

ST = overa l l  p rec is ion  (average standard deviat ion)  

and f o r  X = 2 pg/l, S = 0.518 pg/l  T 
Since  the'proposed standard f o r  mercury i s  23 p g / l ,  t he  a n a l y t i c a l  

procedure w i l l  be  required t o  m e a s u r e  concentrations a t  20 and '2  pg/ l  (1/10 

d i f fus ion ) .  

t i o n  l e v e l  of 10 p g / l ,  95 percent: of t h e  measurencnts would be expected i n  

the range of 10 2 3.8  pg/ l  and mat a concentration l eve l  of 2.0 p g / l ,  95 pcr- 

Using the calculated average standard deviat ions a t  a concentra- 

cen t  of. t h e  measurements would be  expected' i n  t h e  range of 2.0 ~fr 1.0 pg / l .  

The prec is ion  a t  t h e  X) !1g/1 level was not  g iven ,  -but i s  l i k e l y  similar to 
* .  

t ha t  a t  10 pg/ l .  I f  t h i s  i s  so, then a t  the 20 pg/ l  concentrat ion l e v c l  

95 percent o f  the measurements bcruld be  expected i n  the  range of 20 2 7.6 pgjl. 

It is apparent t h a t  t h e  r e l i a b i l i t y  of an a n a l y t i c a l  method i s  an  

important consiJerati.on i n  s e t t i n g  stnndsrds and i n  t e s t i n g  for conip1i.mce. 

The results obtained from a method should be i n t e rp re t ed  w i t h  sui tqhle  
. .  

. 
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2. 

precision and accuracy data a t  the 'indicated concentratcon 'levels. 

, . . L'-, . . .i -0 -  

"Sebastian C .  Caruso,  P1i.D. 
Carnegie-Ilellon Univers i t y  

. 

. . 
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ENVIRONILENTAL PROTECTION AGENCY . t  

BEFORE "NE ADNINISTRATOR 

. .  

Proposed Toxic Pol lutant  1 I 

1 
1 

Aldrin/Dieldrin e t .  al. - 4 
Effluent  Standards f o r  ) FWPCA (307) Docket N o .  1 

1 
I 

AFFIDAVIT OF SEBASTIAN C. CARUSO, Ph.D. 

FOR OBJECTOR, A_~~EECXN IRON AND STEEL '~NSTITUTE 

On behalf of Objector, American I ron  and S t e e l  I n s t i t u t e ,  Sebas t ian  

. C.  Caruso, being duly sworq, deposes and s a y s :  

(1) I am a Senior Fellow and Head of the Rater Resources Fellow 

ship i n  the  Division of Sponsored. Research of Carntgie-E.lnllon Univers i ty .  

That i n  such pos i t ion ,  I am responsible for d i rec t ing  research o n ' t h e  de- 

velopment and t e s t i n g  of  ana ly t i ca l  procedures f o r  i den t i fy ing  p o l l u t a n t s  

i n  the  environment, carrying out  research on t h e  cheniistry and engineer ing 

aspects of processes s u i t a b l e  f o r  t h e  treatment of  . s t e e l  indus t ry  waste- 

waters,  and the  review of envi.ron.menta1 standards as they apply 'to s t e e l  

. industry wastewaters. That I am completely fami l ia r  with the  methods. i n  

general use  f o r  the  de tec t ion  and measurement of cyanides, cadmium, mercury 

and many o the r  cons t i  tuents  . 
(2) I a m  c u r r e n t l y  a member of the  American I r o n  and' S t e e l  

I n s t i t u t e ' s  Environmental Quality Committee, Toxic Substances Task Force,  

and have rcvicwed 3 , n f o d t i o n  supplied by 'the Envi ronrncntal P ro tec t ion  

Agency t o  t i l e  American Iron arid Stccl I n s t i t u t e  i n  preparing a s tudy  of 

the a v a i l a b i l i t y  and a p p l i c a b i l i t y  of analyt icax nicthods required to t c s t  



2. 

for compliance with the  proposed tox ic  po l lu t an t  e f f luen t  -standard f o r  

- cadmium. 

(3)  Attached is my statement e n t i t l e d ,  "Proposed Toxic Pollu- 

t a n t  Ef f luent  Standards - Methods of Analysis f o r  Cadmitun." 

... 
FURTHER AFFIANT SAITH NOT. 

I ,  L-+. i ;  ___, ( ,  2;. (2 . 4-------.-(. 
.. _.I . 

. Sebast ian C .  Caruso, Ph-D. 

Sworn t o  and subscribed before  m e  

day o f  March, 1974. 

- .  
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PROPOSED TOXIC POLLUTANT EFFLUENT STANDARDS - 
METHODS OF ANALYSIS FOR CADXIUM 

The ana ly t i ca l  methods recommended i n  the  "Proposed Toxic Pol lu-  

t a n t  Ef f luent  Standards" f o r  cadmium t o  tes t  f o r  compliance with t h e  pro- 

posed standard are iden t i f i ed  i n  the  Federal Register of October 16, 1973, 

Volume 38,- Number 199. 

_.. 

Analytical  procedures vary g rea t ly  i n  their  a b i l i t y  

to accura te ly  measure a required parameter. 

e r r o r  poss ib le  i n  a given method. 

ana lys t ;  some are caused by reagents,  equipment o r  laboratory f a c i l i t i e s ;  

and some are inherent  i n  the  procedure, 

are more d i f f i c u l t  to  analyze f o r  accurately.  

r e l i a b i l i t y  of an ana ly t ica l  procedure can be obtained by the  use  o f  statis-  

t i c a l  techniques crpplied t o  a l a r z e  number of analyses on a sallrplc of  knmm 

There are many sources of 

Some a r e  due to  f a u j t y  technique of t h e  

I n  general ,  l o w  concentrat ions 

Information concerning the . 

concentrat.ion. 

method are' calculate'd.. 

From the values measured Che precis ion and accuracy of the 

Other. information usefu l  t o  an ana lys t  i n d u d e  t h e  

' de t ec t ion  l i m i t  and the  s e n s i t i v i t y  of a method. The s t a t i s t i c a l  infoima- 

. t i o n  reported f o r  t h e  recommended cadmium method i s  shown i n  Table 1. This 

da ta  was calculated from analysis  performed by 59 l abora to r i e s .  

. Since the proposed standard f o r  cadmium is' 40 p g / l ,  the  a n a l y t i c a l  

method \ J i l l  be  required t o  measure samples . a t  40 and 4 pg/ l  ( l / l O  d i f f u s i o n )  

accurately.  

these concentrations,  but a r e  given f o r  50 and 10 pg/ l .  

made on a sample whose concentration i s  approximately 50 pg/ l  would have a, 

95 percent probabi l i ty  of f a l l i n g  between 29 and 71 cig/l. 

.. 
' The precis ion and accuracy statements. a r e  t lot avai lable  a t  

I'hus, measurmients 

S imi l a r ly ,  measure- 

ments made on a sample whose conccntration i s  about 10 vg/l would have 

percenr 'pr0babil.i t y  of f a l l i n g  between zero and 211 'pg/l.  Bleasurcmctits . 
8 95 

on a 
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. .  
sample w i t h  a concentration approximately 4 pg/l  would be even less r e l i a b l e ,  

s ince  t h e  standard devia t ion  is most l i k e l y  higher a t '  11 ~.lg/l than a t  10 pg / l .  

From these  observations, i t  i s  apparent t h a t  more r e l i a b l e  a n a l y t i c a l  pro- 

cedures would be des i r ab le  t o  t es t  f o r  compliance with t h e  proposed s tand-  

a rd .  I n  addi t ion ,  the  uncer ta in ty  of any recommended a n a l y t i c a l  --. procedures 

should be  taken i n t o  account when t e s t i n g  f o r  compliance with a s tandard .  

Sebastian C .  Caruso, Yh.D. 
Carnegie-Mellon Universi ty  

. 

. .  

. 
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Table 1 

. I  

PRECISION AND ACCURACY OF CADPIIUFl IETHODS 

S t a t i s t i c a l  Parameter C a  ami um 

1 
Detection L i m i t  

2 .  
S e n s i t i v i t y  

Relative Standard Deviation 
a t  50 pg/1 
a t  10 pg/l 

1 .O' pg/l 

4.0 v g / l  

, 8.2$ 
Relative Error  

at 50 pg/1 
a t  10- pg/ l  3 *o$ 

be tec t i . on  L i m i t  - The concentration tha t  produces absorpt ion equiva len t  
t o  tt.ii.ce the magnitude of t h e  f luc tua t ion  i n  the  background. 

S e n s i t i v i t y  - The concentration' of metal t ha t  produces an absorp t ion  of 2 

1%. 

. 
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EIWIRONMENTAL 

BEFORE THE 

PROTECTION AGENCY 

ADMINISTRATOR 
- .  

. I n  Re: 

Proposed Toxic Pol lu tan t  

Eff luent  Standards ’ f o r  

Cyanide 

FhTPCA (307) .._. Docket N o .  1 

. .  

AFFIDAVIT OF WALTER E. JACKSON 
FOR OBJECTOR, AMERICAN IRON AND STEEL INSTITUTE 

* .  

On behalf of Objector, American Iron and Stee l  I n s t i t u t e , .  
. 

Walter E. Jackson, being duly sworn, deposes ani! says: . 
(1) I am Walter E. Jackson, Ass is tan t  Director  of Environmental 

Cont ro l  f o r  United S ta tes  S tee l  Corporation, That i n  such p o s i t i o n ,  

I a m  responsirble for the review of environmental s tandards and  t h e  

reviewing and recommending of proposed methods t o  obta in  environnental  

standards and evaiuating the cos t  and technology of t he  f a c i l i t i e s  t o  

meet such standards. That I a m  familiar with t he  records of United 

States S tee l  Corporation and oth‘er information i n  the  possession of 

the American Iron and S tee l  I n s t i t u t e  involving the  technology and cost 

of reducing tox ic  po l lu t an t  discharges;  

(2) I arn current ly  a menher of the  American Iron and Steel 

I n s t i t u t e ’ s  Environmental ‘Qual-ity Committce, Toxic Substances Task Force. 

I havc reviewed information supplied by the  Environmcntal P ro tec t ion  

Agency to United S ta t e s  Steel  Corporation and var ious m c m b e r s  of t h e  . .  

. American IroE.and Stee l  Institute in preparing a study of t h e  



Page W o  

. .  
propr i e ty  of t he  proposed s tandards as well as t h e  a v a i l a b i l i t y  of 

. technoloar and the  economic impact.of implementing it, which t h e  

proposed tox ic  po l lu t an t  e f f l u e n t  standards would have on t h e  American 

iron and s teel  industry.  

(3)  Attached is  my statement e n t i t l e d ,  "Prolposed Toxic 

Po l lu t an t  Ef f luent  Standards f o r  Cyanide - Technology and Economic 

-Impact. " 

FURTHER AFFIPXT SAITH NOT. 

Sworn t o  and subscribed before m e  
d 



I 
j .  

. '. , 

STATEF-ENT. OF . 
WALTER E. JACKSON . .  

Submitted on Behalf of 
American I ron  and Steel  I n s t i t u t e  

Proposed Toxic Pol lutant  Eff luent  Standard6 f o r  Cyanide 
Technology and Economic Impact 

... 
The proposed standards have been reviewed t o  eva lua te  t h e i r  

f e a s i b i l i t y  and impact on the American i r o n  and s t e e l . i n d u s t r y .  It i s  

concluded t h a t  technology does not exist t o  achieve a IIno de tec t ab le  . 
discharge" cyanide standard. .-A concentration of 10 micrograms pe r  l i t e r  

cannot be m e t  i n  the foreseeable future ,  probably not before 1983, i f  then. 
d 

N o  technology has  been demonstrated f o r  achievement of 100 micrograms per 

l i t e r ' w i t h i n  one year and it is doubtful t h a t  t h i s  s tandard could be m e t  by 

July,  1977. 

t h e  l o s s  of some o r  all of the  i ron  and coke making capac i ty  of t h e  indus t ry  

The e f f e c t  of vigorous enforcement of these  standards.would be 

acl a l l  of t he  economic ramif icat ions assocsated with t h a t  loss. 

The federal Regis ter  of Thur'sday, December 27,. 1973 .  (Volume 38, 

Number 247) contains  an  introductory statement which cohments on t h e  economic 

i m p a c t  of t h e  proposed tox ic  pol lu tan t  e f f l u e n t  standards,  no t ing  t h a t  t h e  

proposed standards "are not based upon economic cons idera t ions  o r  upon the  

a v a i l a b i l i t y  of treatment technology. However, t h e  impact of t h e  s tandards 

.upon the  economy has been examined and does no! appear t o  be great ."  

Af te r  publ ica t ion  of the  Federal  Regis te r  of December 27, 1973, AIS1  

and severa l  of the f i rms it represents  requested from EPA cop ies  of backgrou 

s tudies ,  repor t s  and dat'a.on treatment technology and economic impact of t h e  

proposed standards. I n  response 

repor t  e n t i t l e d  "Economic Impact 

t o  these i n q u i r i e s ,  EPA submitted a five-pa 

of Toxic Standardsc8 covering a l l  t ox ic  
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substances, unsigned and undated, and a repor t  of November, 1973 "Preliminar 

Analysis - Cost Effectiveness Relationships f o r  the Removal of Cadmium, 

Mercury and Cyanide from Indus t r i a l  Waste Streams," prepared by Associated 

Water and A i r  Resources Engineers, Incorporated of Nashville, Tennessee. 

Page 1 of the  cos t  effect iveness  repor t  states t h a t  a f t e r  reviewing only 

r e a d i l y  ava i lab le  l i t e r a t u r e  and corxespondence from un iden t i f i ed  researcher  

and equipment manufacturers, "the values used i n  t h i s  r epor t  cannot be taken 

as the most accurate  estimates The r epor t  no tes  that  "considera 

more t i m e  i n  e v a l u a t i n g d a t a  from a l l  sources would be requi red  t o  a r r i v e  a t  

f ina l  judgments." Apparentl;, t h i s  t i m e  w a s  not taken and d a t a  from o the r  

sources not  evaluated because these i e p o r t s  were the only information t h e  

EPA supplied i n  response t o  inqui r ies  f o r  the da ta  EPA examined. 

It appears t h a t  the proposed i tandards  w e r e  

economic considerations or upon the  a v a i l a b i l i t y  of 

The AIS1  bel ieves  t h i s  t o  be an inappropriate bas i s  

standards,  s ince the impact of the  proposed cyanide 

indeed "not based upon 

treatment technology.11 

f o r  the  astabl ishment  of 

standard' on the  American 

iron and steel  industry is  considerable. 

The AIS1 believes t h a t  i ron  and coke manufacturing processes  are 

the only s ign i f i can t  sources of cyanide i n  the  indus t ry ' s  discharges,  and t h  

other processes included' under the  de f in i t i on  of Sect ion 129.01 (a)  (v) - . 

"Ferrous Metal Production" and Section 129.05 - Appl i cab i l i t y  (Cyanide) shou 

not'be considered as sources f o r  t he  discharge of cyanide i n t o  navigable w a t  

Based an t h i s  contention w e  have studied the  technology proposed by EPA and 

the cqst required t o  m e k t  the  proposed tox ic  po l lu t an t  e f f l u e n t  standards.  

.. 

h i a t  follows i s  a discussion of technology required t o  m e e t  va r ious  cyanide 

conccnt ra t ions, estimated cap i t a  1 cos t  6 ,  t i m e  requirements f o r  i n s  t a l  1 ing  
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t h a t  technology, and t h e  environmental impact of t h e  technology consider ing 

estimated energy requirements, solid waste and sludge disposel ,  and r e l a t e d  

problems r e su l t i ng  from i n s t a l l a t i o n  of that technology. 
.: 

I n  evaluating treatment costs ,  "typical" f i c i l i t i e s  .were s e l e c t e d  and c o s t  

.estimates were prepared for these  f a c i l i t i e s .  These c o s t s  were reduced t o  d o l l ;  

pe r  t o n  and t h i s  f igure  w a s  mult ipl ied by indus t ry  production f i g u r e s  t o  c9mputt 

estimated t o t a l  industry cost .  

Control f a c i l i k i e s  f o r  t h e  treatment of s t e e l  indus t ry  waste waters  have 

not been standardized. The EPA has proposed seve ra l  treatment processes  i n  the. 

background document en t i t l ed  "Development Document f o r  Proposed Ef f luen t  Lini-  

t a t i o n s  Guidelines and New Source Performance Standards f o r  t h e  S t e e l  Making 
d 

Segment of t h e  Iron and' S t e e l  Manufacturing Foin t  Source Category". The PIS1 

does not  support t h e  conclusions reached i n  t h i s  document regarding t h e  appl i -  

c a b i l i t y  of t h e  proposed technology o r  t h e  s t i pu la t ed  eff luent '  concent ra t ions  

a t t a i n a b l e  with t h i s  technology. However, AIS1 i s  present ly  rev iex ing  t h e  p r o p  

. ef f luent  l imi t a t ions ,  guidelines and s b n d a r d s = a n d  intends t o  c o i m e ~ t  upon 

t h i s  material. I n  order t o  evaluate t h e  po ten t i a l  h p a c t  of t h e  proposed t o x i c  

e f f luen t  standards, EPA's proposal treatment methods were u t i l i z e d .  

treatment methods have been designated "Best. p r ac t i cab le  Control Technology 

These 

Currently Available" (EPCTCA) and "Best Available Technology Economically 

Achievable", (BATEA) . 
The best prac t icable  cont ro l  technology cu r ren t ly  ava i l ab le  (BPCTCA) f o r  

overall treatment of blast furnace process water has been described by  EPA as 

a recycle  system with untreated blowdorm. Tnis technology i s  proposed by EPR 

f o r  i n s t a l l a t i o n  on o r  before J u l y  1, 1977. 

per 

Assuming a blowdown of 125 g a l l o n s  

ton  of i ron  produced (approximately 5 $ ) ,  EPA s t i p u l a t e s  t h e  maxinum 



,-. 

concentration 

: liter. 

The best  

blast furnace 

e -., - 4 -  

of cyanide i n  the discharge would be 30,OOO micrograms per - .  . 

available technology economically achievable (IXiXA) f o r  

process water is proposed by EPA-as a recycle system w i t h  

t reatment  of t h e  blowdown by alkaline chlorination, pressure f i l t e r  and 

carbon adsorption. 

and'for i n s t a l l a t ions  on exist;ing sources %y July 1, 1983. 

This  technology has been proposed f o r  all new sources 

Assuming a 

blowdown of 125 gallons per  ton of i ron  produced,(approximately 5$>, 3PA 

s t ipu la t e s  t h e  maximum concentration of cyanide In the  discharge would 

be 500 micrograms per liter. 

. Under cer ta in  circumstances .of stream f l o w ,  stream-discharge flow 

r a t i o  and diffusion, t h e  proposed toxic pol lu tan t .  e f f l w n t  stan6arSs 

would allow a cyanide concentratlon of 100 mlcrogrzsls per  liter i n  the 

discbarges f r o m  blast furnaces. If all of these c m d i t i o n s  are not, me%, 

then t h e  allowable concentration would be 10 micrograms per liter, o r  

PO detectable discharge. 

t h e  technology required t o  m e e t  the  proposed "toxic pollutant" standard . 

would have t o  be ins ta l led  and operational within one year, unless t h e  

discharge is. covered by a .National Pollutant Discharge Elimination System 

(NPDES) permit and, i n  that case, after t h e  term of the NpDEs permit. 

Regardiess . of tne allowa3le cyanide concentration, 

As a p rac t i ca l  mattes, t h i s  c-ot be done k-i?.h-in one year or v l t h i n  five 

years (the maximum tern of an NPDES permit). Therefore, t h e  conscquencfs . 
of enforcement of these standards would be the  loss of s o m e  or all of %fie' 

iron production i n  the U n i t e d  States.. 

t r a t i o n  of 500 micrograms liter to 

Zrqn has proposed a cyanide concen- 

be achfeved on or before J u l y  1, 



. 
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1983 using bes t  ava i l ab le  technology, and it 

. t h ink  t h a t  a concentration of one - f i f th  t h i s  

an e a r l i e r  date ,  i f  ever .  - .  

1) *- ' 

. .  
i s  incomprehensible t o  

l e v e l  could b e  achieved  a t  

Once-through blast furnace process water has been treated i n  p i l o t  

tests t o  meet 100 micrograms of cyanide per  l i t e r .  

ind ica tes  t h a t  once-through b l a s t  furnace water can be t r e a t e d  by a l k a l i n e  

chlor inat ion t o  a l e v e l  of 100 micrograms pe r  l i t e r  i f  t h e  water i s  f irst  

clarified t o  a high degree t o  remove most of t h e  suspended solids and 

reduce t h e  chlor ine demand t o  a reasonable l e v e i .  C l a r i f i e d  water i s  

T h i s  l imited experience 

limed t o  a pH of approximately 9.5, t r e a t e d  with ch lo r ine  a t  a dosage rate o 

7 pounds of chlor ine 

a contact chamber f o r  approximately 30 minutes f o r  d e s t r u c t i o n  of cyanide. 

per  pound of cyanide, and allowed t o  react i n  . 

The indus t ry  cost  f o r  t h i s  treatment,  a s s c d n g  t h e  technology i s  

t r ans fe rab le  from experimental t o  a c t u a l  coqdi t ions,  on a l l  blast 

furnaces wodd be $110 mi l l ion  plus-annual  operat ing and o the r  related 

cos ts .  This cost  estimate assumes t h a t  some blast furnaces a l r e a d y  

have adequate c l a r i f i e r s .  

- 

It should be pointed out t h a t  a once- through 

water treatment system f o r  cyanide des t ruc t ion  i s  not c o n s i s t a n t  with 

.the attainment of standards f o r  other  contaminants such as suspended 

so l id s .  It i s  estimated t h a t  t h i s .  once-through ch lo r ina t ion  t rea tment  

woule remove 2,800 tons  of cyanide.per  year. This  

20,000 tons  pe r  year of chlor ine,  100,000 tons p e r  

47,000 tons  pe r  year of, coa l  which would be Deeded 

t h e  lime and chlor ine.  The coa l  consumed i n  power 

process would consume 

year of lime and 

t o  produce and supply . 

p l a n t s  and i n  l i m e  

k i l n s  would produce 1,300 t ons  pe r  year  of air p o l l u t a n t s  and 

generate s o l i d  waste of over 14,000 tons p e r  year.  This  t r ea tmen t .  
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system, if used on all b l a s t  furnaces within the  indus t ry ,  would consume 

1$* BTU's of energy pe r  year.  

f'urnace waste water could produce chloroamines and r e s i d u a l  ch lo r ines  i n  

F ina l ly ,  a l k a l i n e  ch lor ina t ion  of blast 

' 
t h e  f i n a l  e f f luen t ,  which i n  some cases (cyanogen ch lo r ide )  can 'De more 

t o x i c  than t h e  cyanide for which t h e  treatment i s  designed to rerno-Je. 

our knowledge it has not been demonstrated tha t  free cyanide i n  eke-through 

To 

. blast furnace water can be reduced t o  t h e  l e v e l  of 10 micrograms per l i t e r  

and/or a l e v e l  of "no dischargel i f  

The P A  proposed e f f luen t  l imi t a t ion  guidel ines  s t i p u l a t e  that  r ecyc l ing  

of blast furnace process water i s  the best technology f o r  reducing environ- 

mental impact of water po l lu t an t s  from i r o n  P r o d U c t i O ~  The o v e r a l l  g u a l i t y  

of a stream i s  determined mainly by t h e  weignt of contaminants discharged 

regardless  of t h e i r  concentration at t h e  point of entry i n t o  t h e  stream. 

Therefore, for  contaminants such as suspendd solids, the m&irnum redact ion 
. .  

i n  the weight discharged from a blast; furnace process water system w i l l  

result from recycl ing t h e  water t o  reduce t h e  volume discharged. Recycling . 
would involve processing t h e  gas scrubbing and gas cooling water i n  a 

c l a r i f i e r ,  piping t h i s  water through a cooling %over, and then recyc l ing  t o  

the gas scrub>er and cooler .  

t o  prevent sca l ing ,  a port ion of t h e  water {assumed t o  be approximately 

58 of t h e  t o t a l  i n  c i r c u l a t i o n )  would be bled off .  .This "blowdown" water ' 

would be  taken off' after the  clarifier and would be low i n  suspended sol ids  

To maintain dissolved solids a t  a l o w  enough levt 

Concentration. 

be only 5$ of t h a t  discharged from a 

The weight of suspended s o l i d s  i n  the  e f f l u e n t  water woiild . 

once-through system. 

There would a l s o  be a removal of cyanide i n  the r e c i r c u l a t i o n  process 
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s o  t h a t  even through t h e  concentration of cyanlde i n  t h e  blowdown stream 

would be higher  than t h e  concentration.on a 6nce-through water system, 

. t h e  t o t a l  weight of cyanide discharged pe r  u n i t  of production would be 

less f o r  t h e  recycle  system, EPA guidel ines  i n d i c a t e  that  reduct ion  of 

cyanide discharge as a result of recycl ing approximates 6%. 

t h e r e  i s  evidence t h a t  i n  t h e  process of recyc l ing ,  some cyanides are 

Furthermore, 

converted t o  less tox ic  complex cyanides. 

The estimated cos t  t o  t h e  s teel  indus t ry  f o r  recycl ing a l l  blast 
d 

furnaces would be $290 mill ion,  plus  annual operat ing a d  other related 

costs ,  taking i n t o  account the f a c t  .that some blast furnzces  have adequ&te 

clarifiers and other  are already recycled. T h i s  treatnient would renove 

1,800 tons  per year of t o t a l  cyanide, somewhat lower t h a  t h e  reduct ion  

expected through a lka l ine  ch lor ina t ion  of once- throug3 w a t e r .  Although 

* t h e  EPA i n d ~ c ~ t e s  t h e  e f f luent  concentrat io3 of cyanide i n  t n e  olowdovn 

from t h e  recyc le  system w i l l  exceed t h e  pro2osed lir-dt of 100 microgram 

per  l i ter ,  most of t h e  cyanide present  vould be in t h e  form of l e s s ' t o x i c  

complexes. 

from a oncettnrough system. . 

Recycling would discnarge only 54 of suspecded solids discharge t  

B l a s t  furnace recycling has been reconmended by llpA as t h e  BPCTCA 

required by' Ju ly ,  1977 t o  meet the proposed indus t ry  s tandard of 30,000 

' micrograms pe r  l i ter  for cyanide. 

d a t e  would be an enormous task f o r  t h e  steel inaus t ry .  

It should be noted that achieving t h i s  

Construct ion t i m e s  

would be related t o  t h e  av . a i l ab i l i t y  of materials, skilled labor, equipment 

from independent suppl iers ,  c a p i t a l  ava i l ab le  t o  the i n d u s t r y  and otner 

l imit ing f a c t o r s  (such as scheduling t o  maintain i r o n  capac i ty )  that will 

determine the speed with which t h i s  can be done. 
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The EPA s t i p u l a t e s  bes t  ava i l ab le  technology (1983) as blast furnace 

recyc le  with treatment of blowdown by means of a lkalxne ch lo r ina t ion ,  f i l -  

t r a t i o n  and carbon adsorption. EPA estimates t h i s  treatment w f l l  aclii eve 

a cyanide concentration of 500 microgram p e r  l i t e r .  

t h a t  introduct ion of ch lor ine  i n t o  t h i s  e f f luen t  could resul t  in r e a c t i c n  

.-It i s  also recognized 

prdducts and res idua l  chlor ines  t h a t  a r e  environmentally undes i rab le .  How- 

eve, if i n s t a l l a t i o n  of t h i s  technology were required,  t h e  est imated cos t  

t o  t h e  s teel  indus t ry  would be an add i t iona l  $87 mil l ion ,  p lus  a d d i t i o n a l  

annual operating and material .costs. This  does not inc lude  c o s t s  f o r  f a c i -  

l i t i e s  t o  hea t  t h e  effluent water which may be required t o  make t h e  cyanide 

amenable t o  ch lor ina t ion .  

The only o ther  s ign i f i can t  source of cyanide from t h e  i r o n  and steel  

indus t ry  i s  coke p lan t  waste water. E A  has def ined EPCTCA f o r  coke product: 

a5 trez;tracnt of coke waste waters i n  f r e e  and f ixed  ammonia st i l ls ,  de- 

phenol izat ion by. bio logica l  oxidation ( o r  solvent  ex t r ac t ion )  for t reatment  

required on o r  before Ju ly ,  1977. EPA estimates t h i s  t reatment  system w i l l  

* 

achieve cyanide concentrations i n  %he discharge of coke product ion waste 

waters of 40,000 micrograms pe r  l i t e r ,  based on an assumed flow of 175 

gal lons of water per  ton  of coke produced. Indus t ry  c o s t s  for i n s t a l l i n g  

%his  treatment syskem are d i f f i c u l t  t o  estimate because of wide v a r i a t i o n  

i n  present  conditions,  but  would be expected t o  be i n  t h e  range of from $165 

mil l ion  t o  $290 mil l ion,  plus  annual operating and m$terials c o s t s .  . 
The BnTEA defined by &A adds recycle,  aera t ion ,  chemical oxidation, 

neut ra l iza t ion ,  breakpoint ch lor ina t ion ,  c l a r i f i c a t i o n  and carbon a d s o r p  

tion to t h e  treatment described f o r  BPCTCA. 

of water discharged pe r  ton  of coke produced, EPA s t i p u l a t e s ' t h i s  would 

. A s s d n g  a flow of 100,ga l lons  

achieve a cyanide concexitration of 500 micrograms per l i t e r  which would be 
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required t o  be m e t  by July, 1983. Again, it is  incomprehensible t o  under- 

. stand how coke proc.ess waters could be expected t o  meet a cyanide concen- 

t r a t i o n  of 100 micrograms p e r  l i t e r  o r  less within 1 t o  5 years ,  when EPA 

has recent ly  defined best technology as achieving a cyanide d i scha rge  

concentration of f i v e  t imes t h a t  allowed under t h e  t h e  t o x i c  starldards. 

The estimated cos t  of t h i s  thechnology is  an add i t iona l  $90 m i l l i o n  p lus  

annual operating and materials cos t s .  

-.. 

Should .it be necessary t o  h e a t  

t 5 e  s f f luea t  ?'n order t o  make t h e  cyanide amenable t o  ch lo r ina t ion ,  Stern 

generating and e f f luen t  cooling capaci ty  would b,e required,  i n c r e a s i n g  

t h e  cos ts  t o  a range of $120 t o  $255 mil l ion.  

ye t  unproven technology is d i f f i c u l t  t o  assess  but  would inc lude  energy 

considerat ion as  well as sludge- s o l i d  waste d isposa l .  

The environmental impact of 

If t h e  i ron  and s t e e l . i n d u s t r y  was requ;ired t o  i n s t a l l  t h e  EPA's 

BATEA system, including ch lor ina t ion  for all blast  furnace and coke p l a n t  

waste wa-i;ers, tine t o t a l  c a p i t a l  expenditixrkfor t h e  indus t ry  would be a, 

minimum of $632 mil l ion plus  annual operating and related expenses.  

'noted i n  t h e  summary statement e n t i t l e d  "Economic Impact of Toxic s tandards " 

As 

received from EPA, t h e  i r o n  and s t e e l  indus t ry  has d i f f i c u l t y  i n  a t t r a c t i n g .  

c a p i t a l  f'unus aud consideration should be given t o  t h e  use  of t h i s  l i m i t e d  

c a p i t a l  f o r  t h e  cont ro l  of po l lu t ion  represent ing t h e  g r e a t e s t  environ- 

mental impact. 

above requi re  chior ine which is  now d i s t r ibQted  under 3, p r i o r i t y  system 

establ ished by t h e  EPA. 

t h e  proposed tox ic  po l lu t an t  e f f luen t  l i m i t s ,  EPA would be r equ i r ed  t o  

e s t a b l i s h  a p r i o r i t y  f o r  ch lo r ine  t o  t h e  i r o n  and steel  indus t ry .  

At t h e  same t i m e ,  t h e  var ious- t reatment  systems descr ibed 

i f  ch lor ine  treatment w e r e t o  be r equ i r ed  t o  meet 
b 

; 
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'cates th-t  treatment 'technology has  n o t  been The above analys 

danonstrated t o  achieve proposed tox ic  e f f luen t  concentrat ions for 

. .  

cyanide. To achieve what has been defined by EPA as "best technology", . 

would requi re  considerable c a p i t a l  expenditures and cons t ruc t ion  procrams 

that could not be concluded p r i o r  t o  1983, i f  by that date. 

mental impact of t h e  proposed standards has not been adequately evaluated.  

A l l  of these  f a c t o r s  must be considered in-determinat ion of t h e  f i n a l  toxic 

Total environ- 
... 

po l lu t an t  e f f luen t  standard. 

. 

Walter E. Jackson . 

. 
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.ORIGINAL 
ENVIRONMENTAL PROTECTION AGENCY 

BEFORE THE ADMINISTRATOR 
. . '  

I n  R e :  
I 

Proposed Toxic  P o l l u t a n t  ) . FWPCA (307) Docket N o .  1 
E f f l u e n t  S t anda rds  f o r  1 
Aldr in -Die ld r in ,  e t  a l .  1 

1 

d 

AFFIDAVIT O F  DAVIS L. FORD, 
SUBMITTING DI3ECT WRITTEN TESTIMONY ON BEHALF OF 

THE AMERICAN PETROLEUM INSTITUTE 

. 1. I ,  Davis L. Ford,  w a s  r e t a i n e d  by ' the  American 

Petroleum I n s t i t u t e  t o  p r e s e n t  w r i t t e n  d i r e c t  t e s t imony  

r e g a r d i n g  t h e  economic impact  and t e c h n o l o g i c a l  

f e a s i b i l i t y  of t h e  proposed t o x i c  e f f l u e n t  s t a n d a r d s  for  
I 

cadmium and cyan ide  as  a p p l i c a b l e  t o  pe t ro leum r e f i n i n g  

and f o r  cadmium and mercury a s  appl . icab le  t o  o i l  and g a s  

e x t r a c t i o n .  

2. My q u a l i f i c a t i o n s  t o  t e s t i f y  as  a w i t n e s s  

r e g a r d i n g  t h e s e  m a t t e r s  ar.e set fortk;' i n  ' t h e  a t t a c h e d  

s t a t emen t  of  b i o g r a p h i c a l  d a t a .  

3 .  I w i l l  b e - a v a i l a b l e  f o r  o ra l  c ros s -examina t ion  

of my w r i t t e n  d i r e c t  t e s t imony ,  .which i s  i n c o r p o r a t e d  

h e r e i n  and made a p a r t  of t h i s  a f f i d a v i t ,  upon a p p r o p r i a t e  
b 
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' notice followiiig commencement 05 ora l  hearings before 

the Environmental Protection Agency in Washington on 

April 8, 1974. 

Respectfully submitted, 

L m  (9 
Davis L. Ford 

Subscribed and sworn before me this 
1.7th day of April, 1974. 

-. . 
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INTRODUCTION . 

The i n f o r m a t i o n  p r e s e n t e d  i n . t h i s  s t a t e m e n t  i s  
. .. . 

developed  p u r s u a n t  t o  t h e  "Proposed Toxic  P o l l u t a n t  

E f f l u e n t  S t a n d a r d s "  as  p u b l i s h e d  by t h e  Envi ronmenta l  

P r o t e c t i o n  Agency (EPA) i n  t h e  F e d e r a l  R e g i s t e r ,  Dcccmber 

27, 1973.  S p e c i f i c a l l y ,  t h i s  s t a t e m e n t  c o n s i d e r s  the 

proposed c f f  l u e n t  s t a n d a r d s  f o r  cadmium and' c y a n i d e  

d i s c h a r g e d  i n  t h e  r e f i n i n g  of pe t ro leum and f o c u s e s  

e s p e c i a l l y  on c u r r e n t  d i s c h a r g e  l eve l s  of t h e s e  p o l l u t a n t s ,  

t h e  concomi tan t  impact on r e f i n i n g  o p e r a t i o n s ,  p o s s i b l e  

t r e a t m e n t  p r o c e s s e s r  and t h e - e c o n o m i c - e f f e c t i v e n e s s  of 

. a p p l y i n g  such  p r o c e s s e s .  

. To d e v e l o p  t h e S n f o r m a t i o n  p r e s e n t e d  i n  t h i s  

s t a t e m e n t ,  q u e s t i o n n a i r e s  were completed by r e f i n - e r i e s  

. r e p r e z k n t i n g  approx ima te ly  s i x t y - f i v e  ( 6 5 )  p e r c e n t  cf the total 

* U. S. r e f i n i n g  c a p a c i t y .  The cadmium and t o t a l  c y a n i d e  

levels r e p o r t e d  i n  t h e s e  q u e s t i o n n a i r e s ,  a s  w e l l  a s . t h e  f l o w  

and * d i f f u s i o n  f a c t o r s  p r e d i c t e d  t o  s e g r e g a t e  t h e  r e p o r t i n g  

r e f i n e r i e s  i n t o  t h e  c o n c e n t r a t i o n  c a t e g o r : e s  proposed  i n  

t h e  s t a n d a r d s ,  p r o v i d e  a base fo r  a n a l y s i s  of t h e  impact  of t h e  

proposed s t a n d a r d s  and r e p r e s e n t  t h e  best  d a t a  which c o u l d  

be 'p repa rcd  i n  t h e  b r i e f  t i m e  frame a v a i l a b l e .  . The 

r e s u l t s  of t h i s  A P I  su rvey ,  s e t  f o r t h  i n  Appendix A ,  

t o g e t h e r  w i t h  an  e x t e n s i v e  Jevicw of p e r t i n e n t  case 

1 

h i s t o r i e s  and l i t e r a t u r e  c i t a t i o n s ,  c o q s t i t u t e s  t h e  d a t a  

base u s e d .  i n  t h e  development .  of t h i s  s t a t e m e n t .  
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The a n a l y s e s  c o n t a i n e d  i n  t h i s  s t z t e rnen t  b e g i n  

w i t h  c o n s i d e r a t i o n  .of t h e  s o u r c e s  of cadmium and c y a n i d e  

i n  p e t r o l e u m  r e f i n i n g  e f f l u e n t s  fo l iowed by a s t a t i s t i c a l  

a n a l y s i s  of c u r r e n t  d i s c h a r g e  levels based on t h e  A P I  

surv,ey r e s u l t s .  P r o c e s s  a p p l i c a f i i i i t y  f o r  removal' of 

t h e s e  c o n s . t i t u e n t s  is t h e n  e v a l u a t e d ,  u s i n g  r e s u l t s  

..._ 

f r o m ' r e f i n e r y  t r e a t a b i l i t y  programs and t r e a t m e n t  

e x p e r i e n c e  froin o t h e r  i n d u s t r i a l  categories a s  a b a s i s .  

An economic impact  assessment  based  on t h e s e  s t u d i e s  
# 

and case h i s t o r i e s  is t h e n  a p p l i e d  t o  t h e  pe t ro l eum 

r e f i n i n g  i n d u s t r y ,  u s i n g  a p p r o p r i a t e  c r u d e  p r o c e s s i n g ,  

f l o w ,  process cos t ,  a n d  economy-in-scale f a c t o r s -  . 
SOURCE PEFINITION 

Both cadmi.um and c y a n i d e s  arc p r e s e n t  i n  m o s t  
' 

r e f  iner)r  e f f l u e ' n t s ,  a l t h o u g h  t h e i r '  c o n c e n t r a t i o n s '  i n  

t h e  combined e f f l u e n t  d i s c h a r g e d  from a r e f i n e r y  ar'e 

i n  t h e  p a r t  p e r  b i l l i o n  (pph) range .  

Cadmium i s  n o t  p r e s e n t  i n  m o s t  c r u d e s ;  t h e r e f o r e ,  

t h e  s o u r c e  i s  a t t r i b u t a b l e  t o  e i t h e r . . i n t a k e  water or  

cadmium a d d i t i o n  i n  p r o c e s s i n g .  

i s  g e n e r a l l y  t r a c e d  hack t o  i n t a k e  w a t e r . ,  corrosioi: 

p r o d u c t s ,  t h e  a d d i t i o n  of cadmium compounds fo r  d i s t i l l a t e  

The p r e s e n c e  of cadmium 

. 



. 

d e s u l f u r i z i n g ,  o r . a s  l u b e  o i l  a d d i t i v e  t o  p r e v e n t  - - 
-: I/ 

o x i d a t i o n  (1): Consequent ly ,  t h e  s o u r c e  of cadmium i n  

r e f i n e r y  e f f l u e n t s  g e n e r a l l y  canno t  be i s o l a t e d  t o  a 

s p e c i f i c  l o c a t i o n  and stream s e g r e g a t i o n  of cadmium- 

b e a r i n g  waters a p p e a r s  i m p r a c t i c a l .  

Cyanides  a r e  g e n e r a t e d  i n  c r a c k i n g  and cok ing  

o p e r a t i o n s  a s  r e a c t i o n  p r o d u c t s ,  and e n t e r  'the e f f l u e n t  

f r o m  overhead  receivers and th rough  washing o e e r a t i o n s .  

,Most or  a l l  o f  t h e  c y a n i d e  g e n e r a t i o n  i n  a r e f i n e r y  

o c c u r s  i n  t h e s e  two operat i 'ons ,  so t h e  cyan ide -bea r ing  

water  can  g e n e r a f l y , b e  i so l a t ed  f r o m  other  waste streams 

w i t h i n  the r e f i n e r y  complex. As shown i n  F i g u r e  l(2) f o r  

one such  stream, the c y a n i d e  c o n c e n t r a t i o n  i n  r e f i n e r y  
. .  - e f f l u e n t s  i s  r e l a t e d  t o  t h e  n i t r o g e n  c o n t e n t  of t h e  

. .  
I c r u d e  f e e d s t o c k .  I t  is  therefore  a p p a r e n t  t h a t  t h e  

cyanide .  c o n c e n t r a t i o n  i n  r e f i n e r y  e f f l u e n t s  w i l l  v a r y  

a c c o r d i n g  t o  t h e  t y p e  of c r u d e  and t h e  e x t e n t  of c r a c k i n g  

and cok ing  o p e r a t i o n s  w i t h i n  t h e  r e f i n e r y  complex. 

Specific pe t rochemica l  operc l t ions  i n  a n ' i n t e g r a t e d  

r e f i n e r y  may produce cyan ide -bea r ing  water, but these too 

i o r m a l l y  can  be identified and i s o l a t e d  f r o m  combined streams. 

CADMIUM AND CYANIDE LEVELS IN PETROT,EUbS REFINERY EFFLUENTS 

I f  t h e  proposed t o x i c  e f f l u e n t  s t a n d a r d s  f o r  

cadmium and c y a n i d e  w e r e  e n a c t e d ,  any r e f i n e r y  n o t  . i n  compl i ance  
. .  

1/ C i t a t i o n s  t o  literature: m f e r e n c d s  set f o r t h  . a s  an -- 
a t t a c h m e n t  to this s tatcincnt  arc designated by t h e  l . i t c ra ture-  ' 
reference number in parcnthcses. 
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by t h e  e f f e c t i v e  d a t e  of  t h e  f i n a l  r e 6 u l a t i o n s  would be 

f o r c e d  t o  cease i t s  r e f i n i n g  opera t j .ons .  

The nurnlxr of r e f i n c r i e s  c u r r e n t l y  m e e t i n g  t h e  

proposed  s t a n d a r d s  f o r  cadmium and c y a n i d e  c a n  he 

e v a l u a t e d  from t h e  A P I  su rvey  r e s u l t s  set  f o r t h  i n  Appendix 

A.  The.cadmium c o n c e n t r a t i o n  i n  t h e  e f f l u e n t s  of r e p o r t i n g  

.-. 

r e f i n e r i e s  i s  s t a t i s t i c a l l y  p r e s e n t e d  i n  F i g u r e  2.  

These  s u r v e y  d a t a  show t h a t . l e s s  t h a n  5, p e r c e n t  

of t h e  r e p o r t i n g  r e f i n e r i e s  can  c u r r e n t l y  s a t i s f y  t h e  

no d i s c h a r g e  p r o v i s i o n  - for  sireams w i t h  a low f l o w  of 

less t h a n  1 0  c f s  and o n l y  25 p e r c e n t  c a n  s a t i s f y  t h e  f o u r  

ppb c o n c e n t r a t i o n  l i m i t  . a p p l i c a b l e  t o  streams o f  more t h a n  

of t h e  r e p o r t i n g  r e f i n e r i e s  inight meet t h e  40 ppb l i m i t  

a p p l i c a b l e  t o  streams w i t h  g r e a t e r  t h a n  a 1 O : l  d i f f u s i o n '  
* 

as  d e f i n e d  i n  t h e  proposed t o x i c  e f f l u e n t  s t a n d a r d s .  

The same r e s u l t s  a r e  a l s o  r-esolved i n  terms of 

c r u d e  c a p a c i t y  as  t a b u l a t e d  i n  Table 1 and p l o t t e d  i n  

F i g u r e  3 .  These  da t a  i n d i c a t e  t h a t  r e f i n e r i e s  r e p r e s e n t i n g  

. less t h a n  3 p e r c e n t  of t h e  c r u d e  c a p a c i t y  could comply 

w i t h  t h e  proposed  no d i s c h a r g e  p r o v i s i o n  and o n l y  3 4 '  

p e r c e n t  o f  t h e  c r u d e  c a p a c i t y  c o u l d  coinply w i t h  t h e  f o u r  

ppb p r o v i s i o n  a l t h o u g h  97 p e r c e n t  of t h e  c r u d e  r e f i n i n g  

. 
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TABLE 1 

EFFLUENT CADMIUM CONCENTRATION AS A 
FUiKTIO~l OF CUMULATIVE CRUDE THROUG\IPUT 

MBBL Crude Capacity 
per day equal t o  Qr Crude Capaci ty  

Percent o f  T o t a l  

Cadrni urn less than stated . from 
Concentration concentration frorn r e p o r t i n g  

refi ncri cs --- PPb 1 reporting refineries . 

67 9 9 4  

33 .4  

< - 

2,525' < - 

6,013 1iJ . 
20 

79.6 < 
I 

6,546 - 86.7 < 
I 

50 7,422 98.3 < 
I 

c < 100 ..I ,494 ' 99.2 

7,552 

. 
. 
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c a p a c i t y  would h o t  be a f ' f e c t c d  b y ' t h e  4 0  ppb c o n c e n t r a t i o n  

l i m i t .  
- 2/ 

The p o t e n t i a l l y  d i s a s t r o u s  impact  of proposed 

c o n c e n t r a t i o n  limits on t h e  r e f i n i n g  i n d u s t r y  i s  even 

more a p p a r e n t  f o r  c y a n i d e s .  A s  shown i n  F i g u r e  4 ,  less 

t h a n  5 p e r c e n t  of t h e  r e p o r t i n g  r e f i n e r i e s  can  s a t i s f y  

t h e  no d i s c h a r g e  p r o v i s i o n ,  less t h a n  2 0  p e r c e n t  c a n  
I 

c u r r e n t l y  conform t o  t h e  10 pph c o n c e n t r a t i o n  l i m i t  a t  

less t h a n  1O:l d i f f u s i o n ,  and _only 65  p e r c e n t  c a n  conform 

. t o  t h e  m o s t  l a x  c o n c e n t r a t i o n  r equ i r emen t  o f  100 pph. 

-When r e s o l v e d  i n  terms of c r u d e  r e f i n i n g  c a p a c i t y  . a s  t a b u l a t e d  
- 

i n  T a b l e  2 and p l o t t e d  i n  F i g u r e  5 ,  s i m i l a r  p e r c e n t a g e s  

. of c u r r e n t  U. S. c r u d e  c a p a c i t y  a r e  c u r r e n t l y  a f f e c t e d  by 

. these proposed s t a n d a r d s .  . 
- 3/: .  

- 2/ M u n i c i p a l i t i e s  and s a n i t a t i o n  d i s t r i c t s  a r e  n o t  
covered  hy t h e  proposed t o x i c  e f f l u e n t  s t a n d a r d s .  

T a b l e  3 are  r e p r e s e n t a t i v e ,  ave rage  cadmium concen- 
t r a t i o n  leve ls  i n  t r e a t e d  mun ic ipa l  e f f l u e n t s  are  
c o n s i d e r a b l y  higher '  t h a n  cadmium d i s c h a r g e  levels 
from pe t ro l eum r e f i n e r i e s . .  

. Y e t  i f  t h e  c h a r a c t e r i z a t i o n  d a t a  t a b u l a t e d  i n  

3 /  The few, s c a t t e r e d  d i s c h a r g e  d a t a  ' for  cadmi.um and mercury  
e f f l u e n t s  from oil. and gas  e x t r a c t i o n  r e p o r t e d  i n  r e s p o n s e  
t o  t h e  A P I  q u e s t i o n n a i r e  teiid t o  cohf irm EPA' s c o n c l u s i o n  
t h a t -  t h e s e  " d i s c h a r g e s  a re  less. t h a n  t h e  proposed S t a n d a r d s .  'I 

Ilowevcr, more d a t a  a r e * r e q u i r e d  b e f o r e  a d e f i n i t i v e '  c o n c l u s i o n  
c a n  be readied. 

N e v e r t h e l e s s ,  i n  view of . these d a t a ,  .and i n  light of t h e  
s e r i o u s  problems w i t h  rcproc1ucibi i i t .y  a t  the ppb level 

' for t h e  a n a l y t i c a l  p r o c e d u r e s  s p e c i f i e d  by the proposed  
s t a n d a r d s  ( d i s c u s s e d  i n  d e t a i l  i n  the t .estimony o f  D .  I3. B r U s s ,  

- 1  

. P a r t  3.1, ______ i n f r a )  s i g t s i f i c a n t  q u e s t i o n s  are raisc?d c o n c e r n i n g  

i n d u s t r i e ' s  covcrcd by the p~-opo:;ed s t a i ida rds .  Accord inc~!  y; 
. further c u n s i d ~ ~ ~ . ; i t i < i i i  s!io~il (1 I I C  c~7vvc?ti to rcmovi.nq pctr01 (\111:1 

~ . . i  . . . .  < . '  .. I -  1 ,  1 : .  1 2. .  7 1 - . . :  -.I. ,̂  ,.,. : , ~ l -  4 - > , . - 4 - 1 , < , v  t - i \ . . + .  7 - n c . 1 1 l f - r  

. the need for  incl.u:;ion of pc~ro.l.ciiiu c x t i r a c t i o n  in the list of 
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TABLE 2 

EFFLUENT CYAN1 DE CONCEMTRATION AS A 
FUNCTION OF CUMULATIVE CRUDE THROUGlfPUT 

I W L  Crude Capacity 
per day equal t o  o r  

I'erccnt o f  Total  
Crude Capacity 

Cyanide less than  s t a l e d  f rom 
Concentration coticen tra t i  on f roil1 Reporting 
, (PPb) reporting r c f i  n w i e s  Ref i nerZ es 

c 100 - 

1,481 19.44 

3,941 I 51.7 

.4,324 . 56.8 

- < 350 5,705 74.9 

- c 200 6,234 81.9 

- < 300 6,762 88.9 
- 

< '500 - 7,069 92.8 

- <1,000 7,454 97.9 

- <1,500 .7 ,615 I00 

TABLE 3 
.. . 

CADMI Ut4 CONCENTRATIONS 
TREATED MUNICIPAL EFFLUENTS . 

Cadini uir, 
DISCHARGER ( Ppb) Reference 

Oxnard, Cal i forn i  a 

Hypcri on 
20 3 

50 - 3  

. .  

Orange County San. D i s t .  60 3 

4 
. .  L . A .  Sanitat ion Dist. 38 . s 
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Taken t o g e t h e r ,  t h e  proposed cadmium and c y a n i d e  
. .  . .  

l e v e l s  c o u l d  have a f a r - r e a c h i n g  impact  on <he pe t ro l eum 

r e f i n i n g  i n d u s t r y  s i n c e  a s  much a s  60 p e r c e n t  of t h e  

n a t i o n ' s  r e f i n i n g  c a p a c i t y  wou1.d f a c e  c e s s a t i o n  of 

o p e r a t i o n s  i f  e f f e c t i v e  t r e a t m e n t  p r o c e s s e s  a r e  n o t  

deve loped  and i n c o r p o r a t e d  by June ,  1 9 7 5 ,  ' t he  p l anned  

effective d a t e  of t h e  t o x i c  e f f l u e n t  s t a n d a r d s .  

Consequent ly ,  it i s  n e c e s s a r y  t o  a n a l y z e  i n  d e t a i l  t h e  

a p p l i c a b i l i t y  of  t r e a t m e n t  p r o c e s s e s  f o r  cadmium and 

c y a n i d e  t o  t h e  pe t ro l eum i n d u s t r y .  

8 

*. 

TREATMETdT PROCESS APPLICABILITY 

There  are  p r e s e n t l y  - no  t r e a t m e n t  sys tems i n  

* petroi.eum r e f i n e r i e s  des igned  s p E c i f i c a l l y  f o r  c y a n i d e  o r  

- cadmium removal.  To assess p o s s i b l e  t r e a t m e n t  p r o c e s s e s ,  

it is t h e r e f o r e  n e c e s s a r y  t o  d e v e l o p  p r o c e s s  d a t a  from 

l a b o r a t o r y  and f i e l d  i n v e s t i g a t i o n s  conducted w i t h i n  t h e  

i n d u s t r y  and t o  e x t r a p o l a t e  a p p l i c a b l e  i n f o r m a t i o n  from 

o t h e r  i n d u s t r i a l  c a t e g o r i e s .  

p r e f e r r e d  t o  t h e  l a t t e r ,  however, a s  t h e r e  are i n h e r e n t  

l i m i t a t i o n s  i n  t r a n s l a t i n g  p r o c e s s  i n f o r m a t i o n  Setween 

i n d u s t r i a l  c a t e g o r i e s .  

p r o c e s s e s  fo r  cadmium and c y a n i d e  removal i n  r e f i n e r i e s  

The former approach  i s  

4 

A b r i e f  d i s c u s s i o n  of t h e  c a n d i d a t e  
b 

is p r e s e n t e d  as  f o l l o w s :  
. .  



C adm i um 

Lime P r e c i p i t a t i o n  and F i l t r a t i o n  - '. -- 
T h i s  i s  probab1.y t h e  most e f f e c t i v e  rrtcthod of 

t r e a t i n g  cadmium which might  be app3. i .d  t o  pc t ro lcum. ,  

e f  f l u e n t s .  Although t h e  t o t i i l  r e f i n e r y  e f f l u e n t  would 

have '  to be t r e a t e d  as  cadmium h e a r i n g  waters arc d i f f i c u l t  t o  

s e g r e g a t e ,  t h e  f e a s i b i l i t y  of  t r e a t i n g  r e f i n e r y  d i s c h a r g e s  by ljme 

p r e c i p i t a t i o n  and f i l t r a t i o n  i s  r e a s o n a b l y  we1.l' documented. 

Cadmium forms an  i n s o l u b l e  and h i g h l y  s t a b l e  hydrox ide  

p r e c i p i t a t e  a t  an  a l k a l i n e  pII and i n  t h e  absence  of 

a p p r e c i a b l e  comple-Xing a g e n t s ,  p r e c i p i t a t i o n  and f i l t r a t i o n  

p r o v i d e s  e f f e c t i v e  removal.  The comple teness  o f  t h e  

r e a c t i o n ,  however, i s  a f u n c t i o n  of pII, and l i m e  a d d i t i o n  

- 

t o  a pH v$ lue  of 1 0  o r  above would be r e q u i r e d  t o  m e e t  thc 

proposed c o n c e n t r a t i o n  l i m i t s  ( 5 ) .  U n l e s s  this s t e p  w e r e  

a l r e a d y  i n c l u d e d  i n  a r e f i n e r y  t r e a t m e n t  sys tem f o r  

removal  of o ther  c o n s t i t u e n t s ,  t h e  eadmium removal  p r o c e s s  

would r e q u i r e  p r o v i s i o n s  f o r  l i m e .  a d d i t i o n ,  r a p i d  mix, 

f l o c c u l a t i o n ,  s e d i m e n t a t i o n ,  f i l t r a t i o n ,  and p o s s i b l e  
-. . 

. . a d d i t i o n a l  n e u t r a l i z a t i o n .  Comprehensive t r e a t a b i l i t y  

s t u d i e s  would b e  r e q u i r e d  b e f o r e  d e s i g n i n g  such  a system 

t o  i n s u r e  process e f f e c t i v e n e s s  a n d ' d e v e l o p  . 
d e s i g n  c r i t e r i a .  

I o n  Exchange 

. Ion eychangc,  a l t h b u g h  m o r e  e x p e n s i v e  t h a n  . l i m e  

b r e c i p i t a c i o n  for cadmium removal, c o u l d  ef f c c t  cadmium 

' .  
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-removals of 99 to. 9 9 . 9  p e r c e n t  u s i n g  s c l k c t e d  r e s i n s  ( 5 ) .  

The a p p l i c a b i l i t y  of t h i s  process t o  pc t ro l eum r e f i n i n g  

is l i m i t e d ,  however,  based  on t h e  l a r g e  volumes of 

f l o w  which would r e q u i r e  ' t r e a t m e n t ,  t h e  n o n - s e l e c t i v i t y  of i o n  

exchange r e s i n s ,  and  r c g e n e r a n t  water t r e a t i n g  r e q u i r e m e n t s .  
... 

M i s c e.1~ 1 a 11 eou s P r o cc s s e s 

Other  p o t e n t i a l  processes f o r  cadnium removal, 

, such .  as evaporation, ca rbon  t r ea tmen t , .  and reverse osmosis 

a r e  imprac t j . ca1  f o r  pe t ro l eum r e f i n i n g  based b o t h  on  f l o w  
d 

and cost-effective c o n s i d e r a t i o n s .  

Cyanide 

As p r e v i o u s l y  - ind ica t ed  c y a n i d e s  emanate  f r o m  

c r a c k i n g  and c o k i n g  o p e r a t i o n s  i n  t h e  r e f i n i n g  of . 

petroleurn.  The cyan ide -bea r ing  water c a n  be l i m i t e d  t o  

t h e s e  sou'rces (ex'c. lusive . of a c r y l o n i t r i l e  p r o d u c t i o n  and  

o t h e r  selected pe t rochemica l .  p r o c e s s i n g )  segregated; and  

t r e a t e d  separately.  An a n a l y s i s  of e f f l u e n t  f l o w  

d i s c h a r g e d  f r o m  c a t a l y t i c  c r a c k i n g  and c o k i n g  u n i t s  f o r  

selected r e f i n e r i e s  i n d i c a t e s  t h a t  such .  flow c a n  he 

related t o  c r u d e  t h r o u g h p u t  a s  shown i n  F i g u r e  6 ( 6 ) .  

It is on  t h i s  basis t h a t  p r o c e s s  and  economic c b n s i d e r a -  

t i o n s  f o r  t h e  f o l l o w i n g  cyan ide  removal processes c a n  be 

fo rmula t ed .  

A l k a l h e  C h l o r i n a t i o n  

Based on r e c e n t - s t u d i e s ;  a l k a l i n c  c h l o r - i n a t i o n  o f t h e  cya-  

n ide -bea r ing  haters w i t h i n  a r e f i n e r y  d i d  n o t  promote complcte 

. 
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o x i d a t i o n  of c y a n i d e .  Observed r e s i d u a l s  i n  t h e  . 

combined f l o w  exceeded 1 0 0  ppb, t h e r e b y  r a i s i n g  q u e s t i o n s  

as. t o  t h e  a p p l i c a b i l i t y  of t h i s  p r o c e s s  ( 2 ) .  Moreover , 

t h e  c h l o r i n a t i o n  of r e f i n e r y  s o u r  waters  l e a d s  t o  many 

problems. The h i g h  c h l o r i n e  demand'due t o  p h e n o l s ,  s u l f i d e s  

and ammonia advers ' e ly  affects  t h e  a p p l i c a b i l i t y  o f  t h i s  , 

' a.pproach, and p r o d u c t i o n  o f  such  s u b s t a n c e s  as  c y a n i g e n  

. . .  
c h l o r i d e ,  c h l o r o p h e n o l s ,  and o t h e r  c h l o r i n a t e 8  h y d r o c a r b o n s  

c o u l d  ac tua3 . ly .magni fy  t h e  t o x i c i t y  p o t e n t i a l .  . 

E l e c t r o l y s i s  

Thi.s p r o c e s s  i s  p r i m a r i l y  a p p l i c a b l e .  i n  t r e a t i n g  

w a s t e w a t e r s  with h i g h  % o n c e n t r a t i o n s  of c y a n i d e  ( approx i -  

m a t e l y  ,100 ppm) ; however, some e x p e r i m e n t a l  work w i t h  

selected r e f i n e r y  was tewa te r s  h a s  been performed, ( 2 ) .  

These r e s u l t s  i n d i c a t e  t h a t  t h e . c y a n i d e  c o n c e n t r a t i o n  could 

be reduced  t o  2 8  ppb, a l t h o u g h  t h e r e  we're h i g h  associated 

power r e q u i r e m e n t s .  
* A c t i v a t e d  S ludge  - 

.. . 
Some c y a n i d e  removal is  no ted . - th rough  a c t i v a t e d  

. s l u d g e  sys t ems ,  e i t h e r  t h rough  b iochemica l  u t i l i z a t i o n ,  

complexing,  or s t r i p p i n g .  E f f l u e n t  l e v e l s  below 

1 0 0  ppb.are r a r e l y  a c h i e v e d ,  however, so t h i s  approach  

. h a s  no a p p l i c a b i l i t y  under  t h e  proposed  s t a n d a r d s  for 

l i m i t i n g  c y a n i d e  concen- t r a t ions .  
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. Cyanides  w e r e  reduced  from 930 t o  285 ppb i n  t h e  
*: 

Union O i l  Company Lemont r e f i n e r y  a c t i v a t e d -  s l u d g e  p l a n t ,  

w i t h  s l i g h t l y  lower l e v e l s  o b t a i n a b l e  u s i n g  bench scale 

reactors  ( 2 )  . O t h e r  ref i n e r y  a c t i v a t e d  s l u d g e  p l a n t s  

o p e r a t i n g  under  optimum c o n d i t i o n s  have n o t  been  able t o  

produce  c o n s i s t e n t l y -  e f f l u e n t s  w i t h  cyan ide  c o n c e n t r a t i o n s '  

of less t h a n  1 0 0  ppb. 

Carbon Adsorp t ion  
4 

Cyanide c a n  be removed v ia  carbon a d s o r p t i o n  by 

add ing  c u p r i c  s u l f a t e  and oxygen t o  t h e  cyan ide -bea r ing  

w a t e r ,  forming a c u p r i c  c y a n i d e  complex which c a n  t h e n  

be so rbed  on g r a n u l a r  c a r b o n .  E x t e n s i v e  ca rbon  i s o t h e r m  
. .  

work on r e f i n e r y  c y a n i d e  water, however, i n d i c a t - e d  resiclual .  

c y a n i d e  levels  of 4 0 0  ppb with i n r e a l i s t i c  carbon capaci t ies  . - 
. of one  pound cyan ide  removed p e r  1 6 0 0  pounds of c a r b o n  

u t i l i z e d .  A d d i t i o n a l  column t e s t i n g  was per formed,  o b t a i n i n g  

lower v a l u e s  of e f f l u e n t  c y a n i d e ,  b u t  a t .  t h e  expense  of 

ca rbon  c a p a c i t y .  The re  i s  no observed  removal o f  c y a n i d e  

from a n  e x i s t i n g  carbon sys tem t r e a t i n g  r e f i n e r y  wastewater 

as  r e c e n t l y  a n a l y z e d ,  and ,  i n  f a c t ,  t h e  c o n c e n t r a t i o n s  i n c r e a s e d  

acmss  t h e  column i n  c e r t a i n '  o b s e r v a t i o n s .  For t h e s e  
4 

r e a s o n s ,  ca rbon  a d s o r p t i o n  was n o t  f u r t h e r  c o n s i d e r e d  as  a 

c a n d i d a t e  p r o c e s s .  . 
Misce l l aneous  P$ocesses  . 

. Other p o s s i b l e  modes o f  c y a n i d e  removal have been 

t e s t e d  u s i n g  t h e  r e f i n e r y  cyan ide -bea r ing  w a t e r s .  T h c s c  
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i n c l u d e d  p r e c i p i t a t i o n  u s i n g  t h e  me ta l l i c  i o n s  of i r o n ,  

coppe r ,  and z i n c ;  i n c i n e r a t i o n ;  o i o n a t i o n ,  p o l y s u l . f i d e  

i n j e c t i o n  t o  form a stable t h j . ocyana te  complex: i o n  ex- 

chnngc, wet o x i d a t i o n ;  and steam s t r i p p i n g  ( 2 ) .  These  

. .  

sys tems were r e l a t i v e l y  u n s u c c e s s f u l  i n  terms of process 

e f f e c t i v e n c s s  and were n o t  f u r t h e r  c o n s i d e r e d .  

Imr, 1 cm en t a. t i o n  T imc C o  11 s i d  er a t i .- on s -1. ---. _--_- 
Another  c r i t i c a l  f a c t o r  t o  be c o n s i d e r e d  i n  

a s s e s s i n g  t h e  a p p l i c a b i l i t y  of  t r e a t m e n t  p r o c e s s e s  fo r  

both cadmium and c y a n i d e  removal i s  t h e  l i m i t e d  t i m e  

. reinclining b e f o r e  t h e  contempla ted  e f f e c t i v e  d a t e  fo r  t h e  t o x i c  

s t a n d a r d s  implemeli ta t ion i n  June ,  1975.  Even assuming e f f e c t i v e  

t r e a t m e n t  p r o c e s s e s  were a v a i l a b l e  f o r  cadmi.um and c y a n i d e  

rcnioiTa1 i n  pe t ro l eum r e f i n i n g  and i g n o r i n g  economic 

. c o n s i d e r a t i o n s ,  t h e  t i n e  requi . red f o r  t r e a t a b i 1 , i t y  

s t u d i e s ,  p r o c e s s  d e s i g n ,  equipment d e l i v e r y ,  and s t a r t - u p  

f a y  exceeds  t h a t  al.lowcd f o r  i m p l e n e n t a t i o n  under  t h e  

proposed  s t a n d a r d s .  

Assuming t h a t  t r e a t m e n t  p r o c e s s e s  c o u l d  e v e n t u a l l y  

be rievelopcd and  implemented., a. l though a f t e r  t h e  s c h e d u l e d  

e f f e c t i v e  date of t h e  proposed s t a n d a r d s ,  d e t e r m i n a t i o n  o f  

t h e  economic impact on t h e  r e f i n e r y  i n d u s t r y  depends on 

a cost a n a l y s i s  of 'vendor es t imates  f o r  bench and p i l o t  

work pcrformcd wit.hi.11 t h e  i n d u s t r y  and o n  i n s t a l l a t i o n  
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and o p e r a t i n g  cos t  e x p e r i e n c e  o f .  e x i s t i n g  p l a n t s  i n  

o t h e r  i n d u s t r i a l  c a t e g o r i e s .  

s c a r c i t y  of cost in fo r ina t ion  r e l a t e d  d i r e c t l y  to p r o c e s s  

removal  of cadmium and cyan ide  i n  p e t r o l e u m  r e f i n i n g .  

s i m i l a r i t y  o f  t h e  basic equipment f o r  m o s t  of t h e  sys t ems  

d e s c r i b e d  h e r e i n ,  however, does  p r o v i d e  a g e n e r a l i z e d  b a s i s  

T h i s  i s  n e c e s s i t a t e d  by t h e  

The 

fo r  p r e d i c t i n g  economic impact .  

I n  o r d e r  t o  a s s i g n  costs on  a u n i f o r m ’ b a s i s ,  several  

factors  must be t a k e n  i n t o  accoun t .  

e v a l u a t i o n ,  r e p o r t e d  c a p i t a l  costs  were a m o r t i z e d  o v e r  a 

For  p u r p o s e s  of t h i s  

20-year.  p l a n t  l i f e  a t  1 0  p e r c e n t .  i n t e r e s t . .  

t h e  same c a p i t a l  recov&y fac t .or  as  r e c e n t l y  used by API 

i n  the c u r r e n t  economic e v a l u a t i o n  of r e f i n e r y  was tewa te r  

t r e a t m e n t  ( 7 ) .  

This would . g i v e  

C o s t s  were-also a d j u s t e d  t o  r e f l ec t  an  
e 

Enginee r ing  N e w  Record (ENR) Index. of 1800 .  Another  

s i g n i f i c a n t  a d j u s t m e n t  i s  fo r  economy-in-scale.  I n  o r d e r  

to’ e s t a b l i s h  a r a t i o n a l ,  bas i s  . fo r  t h i s  a d j u s t m e n t  so t h a t  

a l l  costs  can  be compared a t  t h e  same h y d r a u l i c  f l o w  r a t e ,  

cost  i n f o r m a t i o n  for  various p r o c e s s e s  and p l a n t  s i z e s  

w e r e  o b t a i n e d  ( 7 )  ( 8 )  ( 9 ) .  The r e l a t i o n s h i p s  f o r  t h e  t h r e e  

s e l e c t e d  processes were’ s i m i l a r ,  a s  shown , i n  F i g u r e  7 ,  

-. 

w i t h  c o r r e l a t i o n  c o e f f i c i e n t s  h i g h e r  t h a n  0 .70  i n  all cases. . 
An a v e r a g e  of these r e l a t i o n s h i p s  was t h e n  used ,  a s  shown 

i n  F i g u r e  8 ,  t o  scale costs up  or do\& t o  t h e  p l a n t  s i z e  

s e l e c t e d  fo r  cost  a n a l y s i s :  T h e  l i y d r a u l i c  flow used for 
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cost comparison of 'cadmium t r e a t m e n t  was 3 .0  MGD which was 

the v a l u e  used i n  t h e  c o n t r a c t o r ' s  r e p o r t  to-E:PA e v a l u a t i n g  
-: 

c o s t - e f f e c t i v e n e s s  in removal. of t h e s e  c o n s t i . t u c n t s  (10) . 
A s  shown i n  F i g u r e  6 ,  a r e a l i s t i c  cyanide-beaxing flow 

i n  a r e f i n c r y  would he approx ima te ly  300  gpin (0.43. MCD) I 

and t h e  economy-in-scale f u n c t i o n  i n d i c a t e d  i n  I'icJurcr? 8 

w a s  used  i n  t r a n s l a t i n g  costs t o  a p l a n t  designed for this 

h y d r a u l i c  c a p a c i t y .  
d 

As both  cadmium anii cyan ide  concen t r a t j . ons  i n  

pe t ro l eum r e f i n e r y  e f f l u e n t s  a re  low' -- as  shown i n  F i g u r e s  2 

and 4 -- costs are p r e s e n t e d  on a volume t r e a t q d  rat.her t h a n  a 

poundage removed basi;: These costs i n c l u d e  a r n o r t i z a t i b n ,  

o p e r a t i o n ,  main tenance ,  anii o t h e r  fi.xed costs, and r e p r e s e n t  the 

a v e r a g e  of the best estimates possib1.c based on case 

h i s t o r i e s  and c i t e d  l i t e r a t u r e  values. Thc cost-ef Kfluent 

c o n c e n t r a t i o n  c u r v e s  fo r  t h e  two*most a p p r o p r i a t e  p r o c e s s e s  

in '  t r e a t i n g .  cadmium c o n t a i n e d  i n  r e f i n e r y  w a s t e w a t e r s  a re  as  

shown i n  F i g u r e  9. S i m i l a r  c u r v e s  fo r  s e l e c t e d  processes 

i n  t r e a t i n g  c y a n i d e s  are shown i n  Figure 10. 

The economic 
4 

impact of cadmium t r e a t m e n t  i s  f i r s t  

e s t i m a t e d  u s i n g '  the approach  as  c a l c u l a t e d  i n  Table 4 .  

Assuming a l l  r e f i n e r i e s  m u s t  t r e a t  t o  a l e v e l  of 4 0  ppl:,, a n  

a n n u a l  cost  of only $ 1 , 2 6 1 , 0 0 0  based on  1 3 7 2  r e f i n i n g  

capacity i s  p r e d i d t e d .  Based on a four ppb r e q u i r e m e n t ,  

however, a n  a n n u a l  cost of $ 2 7 , 7 4 5 , 0 0 0  i s  r e q u i r e d ,  w h j - l e  
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TABLE 4 
*: 

CALCULATIONS FOR EST1MATII.I~ 
ECONOMIC I I.IflACT OF CADi.11 UE-l TREATMENT 

PETROLEUF4 REFINERY EFFLUENTS 

I. 

2. 

U n i t  Cost = $0.32/1,OOO gal 

Gallons t o  he t rea ted '  (assunie t o t a l  
process flw! t o  be t rea ted  - 
excJudes ballast and storm water 
con t r ibu t ion )  

Reference. & B a s i s  o f  C a l c u l a t i o n  ---- 
Fig.  9 - Lime p p t  E; F i l t r a t i o n  

Crude Wastewater Flow* * Ref. 7 ,  p .  TV-2 
RePi nery Capacity* tota- 

C1 ass mbpsd ELLEL 9'' x lo3- ** kef. 7,  p .  v-2 . .  
A 384 11 

B - 3,702 24 

4,224 

88,848 

C 3,839 . 23 88,297 

D 1,124 4 2. 47,208 

E 3,358 35 

12,407 

1.1 7,530 

346,107 x l o 3  gpd 

- .  
Weighted Average - a l l  re f inery  c lasses  

See Figure 3 

(a) Impact t o  40 ppb Level '- Cd Treatment 

(12,900 x 103bpd) (  .03 'requiring t r c a t ~ e n t ) ( 2 7 . 9  gal /bbl)  

($0.32/1,000 g a l )  (365 days/year) = $1,261,000 

( b )  Impact t o  4 ppb Level - Cd Treatnmt 
(12,900 x l o 3  b p d ) (  .66 rcqiiirjng t rcatyent)(27.9 gal /bbl)  

($0.32/1,000 g a l )  (365 days/year) = $27,715,000' 
. ( c )  W m c t  t o  0 Level - Cd Treatment - -- 

(12,900 I O 3  b p d ) (  .95 rcqiriring trcat11ient)(27.3 gal /bbl)  
($0.32/1,000 ga1)(365 days/ycar) = $39,936,000 
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$ 3 9 , 9 3 6 , 0 0 0  i s  n e c e s s a r y  t o  remove all cadmium if t h i s  

is  i n  f a c t  o b t a i n a b l e  a t  all from a p r o c e s s  v i ewpo in t .  

A d e l i n e a t t o n  of r e f i n e r i e s  w i t h i n  t h e  t h r e e  l e v e l s  o f  

e f f l u e n t  r e q u i r e m e n t s  c a n n o t  he p r e d i c t e d  u n t i l  d i f f u s i o n  

a .  

, 

factor  q u e s t i o n s  are answered w i t h  c e r t a i n t y ,  b u t  as 

p r e s e n t l y  i n t e r p r e t e d ,  and u s i n g  i n f o r m a t i o n  c i t e d  i n  

Appendix A ,  t h e  economic impact  of t h e  proposed cadmium 

s t a n d a r d s  would be approx ima te ly  $20,000,000 y e a r l y .  

The economic impact  of c y a n i d e  t r e a t m e n t  i s  e s t i m a t e d  

. u s i n g  t h e  c a l c u l a t i o n s  shown i n  Table' 5, a l t h o u g h  as p r e v i o u s l y  

d i s c u s s e d ,  t h e r e  a r e  q u e s t i o n s  a s  t o  the a p p l i c a b i l i t y  .of a l k a -  

l i n e  c h l o r i n a t i o n  i n  t e r m s  of . p r o c e s s  e f f e c t i v e n e s s .  T h i s  p3t-- 
- 

w i t h s t a n d i n g  i f  a l l  r e f i n e r i e s  are t o  t r e a t  t o  a' level  of L O O  gpb 

.and assuming t h e  cyan ide -bea r ing  waters  a re  l i m i t e d  t o  

c r a c k i n g  and cok ing  o p e r a t i o n s ,  a n  a n n u a l  cost  of $ 1 0 , 9 1 2 , 0 0 0  

i s  p r e d i c t e d .  A 1 0  ppb r equ i r emen t  . for  a l l  r e f i n e r i e s  

wou ld  cost  $24,942,000,. and no, p o l l u t a n t  d i s c h a r g e ,  i f  

t e c h n i c a l l y  o b t a i n a b l e  a t  all, would have a n  annua l  
-. . 

e s t i m a t e d  c o s t  o.f $ 2 9 , 6 1 8 , 0 0 0 .  Again,  depending  on a f i n a l '  

d e f i n i t i o n  o f  d i f f u s i o n  f ac to r s ,  t h e  p r o - r a t e d  economic 
* 
imp.act of meet ing  t h e  proposed s t a n d a r d s  f o r  c y a n i d e  

removal would be approx ima te ly  $ 2 0 , 0 0 0 , 0 0 0  a n n u a l l y .  

The cadmium and c y a n i d e  t r e a t m e n t  cos t s  would n o t  

be cumula t ive ,  as  c e r t a i n  cheni ical  ant1 equipment - r e q u i r c m c n t s  
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1 .  

2. 

. 

3 .  

1 

TABLE 5 

CALCUL AT I ON S FOR EST JJ*l.IAT. I I.J G 
ECONOMIC IMPACT OF CYANIDE TREATMENT , - 

PETROLEUM R E  FINERY EFFLUENTS 

- 
Rcf&mce ti 13asis o f  Calculation _-_____I~ 

U n S t  Cost = $2.05/1,000 gal F i g .  10 - Alkaline Chlorination 

__ Cost f o r  t rea t inq  -.-. only cyanide-bearing - flow 

Gallons t o  be t reated (assume only 
cyanide-bearing flow t o  be t rea ted  

3 . 2 3  gal/bbl crude) See Figure 6 
'. 

( a )  Impact t o  IO0 ppb Level - Cn Treatment 

(12,900 X lo3 bpd)(.35 requiring trestment)(3.23 gal/bbl crude) ' 

($2.05/1,000 ga1)(365 dayslycar) = $10,912,000 

(b)  Impact t o  10 ppb Level - C n  Treatment 

(12,900 X lo3 bpd)(.80 requiring treatment)(3.23 gal/bbl crude) 

(i.) - Inpact t o  0 Level - Cn Treatmcnt - 

(12,900 X 103 bpd)  (. 95 requiring treatment) (3.23' gal/bbl crude) 

($2.05/1,000 ga1)(365 dayslyear) = $24,942,000 
' 

. 

($2.05/1,000 ga1)(365 days/yesr) = $29,618,000 

Cost f o r  t rea t ing  t o t a l  flow 

(a )  Impact t o  100 ppb Level - Cn Treatment 

(72,900 X 10' b p d ) (  .35 requiring treatmcnt)(27.9 gal/bbl crude) 
($2.05/1,000 g a l )  (365 dayslyear) =- $94,500,000 

Impact t o  10 ppb Level . -  Cn Treatment 

(12,900 X lo3  bpd)(,80 requiring treatment)(27.9 gal/bbl crude) 

Impact t o  0 Level - Cn Treatment 

(12,900 X lo3 bpd)(.95 requiring treatm&t)(27.9 ga l /bb l ' c rude)  

($2.05/1,000 ga1)(365 dayslyear) = $214,000,000 

( c )  

($2.05/1,000 ga1)(365 dayslyear) .= $256,000,000 
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f o r  t r e a t i n g  one  c o n s t i t u t e n t  can  be c r e d i t e d  i n  t r e a t i n g  

t h e  o t h e r .  However, equipment redundancy would be r e q u i r e d  

based  on p r o c e s s  i d i o s y n c r a s i e s ,  and t h e  e s t i m a t e d  cos t  

t o  t h e .  i n d u s t r y  j u s t  for t r e a t i n g  t h e s e  two c o n s t i t u t c n t s  

i s  e s t i m a t e d  i n  t h e  r a n g e  o f  $ 3 0 , 0 0 0 , 0 0 0  t o  $35,000,'.000 p e r  

- y e a r  and t h i s  e x c l u d e s . c o s t s  f o r  s l u d g e  d i s p o s a l  and r e r o u t i n g  

and s e g r e g a t i n g  e f f l u e n t s  r e q u i r i n g  . t r e a t m e n t  unde r  t h e s e  . 

proposed  s t a n d a r d s .  I t  shou ld  be underscored  a t  t h i s  

p o i n t  t h a t  a l t e r a t i o n  costs  f o r  changing conveGance l i n e s  

f o r  many r e f i n e r i e s  would be p r o h i b i t i v e .  T h e r e f o r e ,  

removing c y a n i d e s  i n  t h e  t o t a l  stream would be r e q u i r e d  

and t h i s  c o u l d  add a s  much a s  $ 1 6 5 , 0 0 0 , 0 0 0  a n n u a l l y  based 

on t h e  r a n g e  of e s t i m a t e d  costs as  shown i n ' T a b l c  5 .  I n  

p e r s p e c t i v e ,  t h e  r a n g e  of costs f o r  removing t h e s e  two 

- 

c o n s t i t u e n t s  s ta ted  i n  t h e  proposed g u i d e l i n e s  i s  f r o m  t e n  

t o  s i x t y  p e r c e n t  of t h e  t o t a l  a n n u a l i z e d  c o s t  estimated 

by A P I  t o  o b t a i n  a l e v e l  o f  "best  p r a c t ' i c a b l e  c o n t r o l  

t echno logy  c u r r e n t l y  avai lable"  f a r  t h e ' e n t i r e  r e f i n i n g  

i n d u s t r y  ( 7 ) .  -. . 
. Moreover, even t h i s  p re supposes  t h a t  r e q u i r e d  

c o n c e n t r a t i o n  leve ls  c a n  be ach ieved  u s i n g  a v a i l a b l e  

t echno logy ,  which h a s  c l e a r l y  n o t  been e s t a b l i s h e d  f o r  

t h e  r e f i n i n g  i n d u s t r y .  C u x r e n t l y ,  i n c i n e r a t i o n  i s  t h e  

o n l y  method whi.ch ' a s s u r e s  t o t a l  removal of c y a n i d e s  , and 

t h e  o p e r a t i o n a l  costs alone f o r  t r e a t i n g  o n l y  cyanide-  

bcar incj  waters a r e  e s t i m a t e d  t o  exceed one  b i l l i o n  d o l l a r s  

a n n u a l l y .  



Y 

SUMMARY 

W 

.. 

I n  summary, t h e  proposed t o x i c  p o l l u t a n t  s t a n d a r d s  as .. 

s p e c i f i c a l l y  r e l a t e d  t o  t h e  presence o f  cadmium and c y a n i d e s  

i n  pe t ro l eum r e f i n e r y  e f f l u e n t s  cou ld  have a profound e f fec t  

b o t h  on t h e  pe t ro l eum i n d u s t r y  and U. S. pe t ro l eum r e f i n i n g  

c a p a c i t y .  

removal i n  pe t ro l eum r e f i n i n g  e f f l u e n t s  c a n  be developed  and  

f u l l y  implemented by J u n e  1975 ,  t h e  scheduled  e f f e c t i v e  date  

for  t h e  proposed  t o x i c  s t a n d a r d s ,  r e f i n e r i e s  r e p r e s e n t i n g  

.as much a s  60 p e r c e n t  of t h e  n a t i o n ' s  r e f i n e r y  c a p a c i t y  

migh t  be  forced t o  cease o p e r a t i o n s .  

U n l e s s  treatment p r o c e s s e s  fo r  cadmium and c y a n i d e  

. Y e t ,  t h e r e  are  p r e s e n t l y  . n o  t r e a t m e n t  sys t ems  w-\rith 
- 

proven p r o c e s s - e f f e c t 5 v e n e s s  f o r  removing cadmium and c y a n i d e s  

f r o m  pe t ro l eum r e f i n e r y  e f f l u e n t s .  T r e a t m e n t  t echno logy  

does e x i s t  f o r  r e d u c i n g  cadmium and c y a n i d e s  i n  s e l . ec t ed  

i n d u s t r i a l  w a s t e w a t e r s ,  a l t h o u g h  r e s i d u a l  c o n c e n t r a t i o n  

levels which are  o b t a i n a b l e  may n o t  .be compa t ib l e  w i t h  t h e  

l i m i t a t i o n s  imposed i n  . t h e  proposed s t a n d a r d s  and t h e  s ta te  

of t h e  art i s  not.  d e f i n e d  i n  t h e  pe t ro leum r e f i n i n g  i n d u s t r y .  
-. . 

Moreover,. any a s ses smen t  o f .  t h e  a p p l i c a b i l i t y  of such  t e c h n o l o g y  

i s  dependent  upon ex t rapo1.a t ion  from t h e  e x p e r i e n c e  from 

o t h e r  i n d u s t r i a l  c a t e g o r i e s ,  a c i r c u m s t a n c e  which 

i n e v i t a b l y  l i m i t s  a p r e c i s e  e v a l u a t i o n .  

even assuming e f fec t ive  t r e a t m e n t  p r o c e s s e s  were 

Moreover, 
b 

ava i l ab le  f o r  cadmium and c y a n i d e  rcnioval i n  pe t ro l eum 
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refining, the time required f o r  treatability studies, 

process design, equipment delivery,, and start-up far 
.: 

exceeds that allowed for implementation under the proposed . 

standards- 

Finally, even if effective treatment processes 

were avail-able and could be implemented, the economic 

impact,of the proposed standards as defined in this 

presentation,. ranging from $35,000,000 to $ 1 G ~ , O O O , O O O  

.annually for the petroleum industry alone, is 'at variance 

with EPA' s statement, that "the impact of the stand.ards 

upon the economy 

be great'' (11). The f i n a l  version of the toxic pollutant 

h a s  been examined and does not appear to 

effluent standards under Section 307 (a) of thz Federal 

Water Pollution Control A c t  shoulc? reflect and inccrpokate 

analytical capability, environmental effect, process 

applicability, and economic impact in addition to water 

quality and toxicological factors. The.purpose of this 

statement h a s  been to consider fully bo-Lh process applica- 

bility and economic impact .as applicd*-io petroleum 

refining so that the true'effects which these factors 

will have can be takcnminto account. 
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